Objectives-The purpose of this study was to investigate the stiffness of the cervix after the loop electrosurgical excision procedure (LEEP) by transvaginal elastography and its potential ability to predict future pregnancy.
A s a diagnostic and treatment procedure for high-grade squamous intraepithelial lesions, the loop electrosurgical excision procedure (LEEP) has substantially reduced the incidence and mortality of invasive cancer of the cervix. Excisional procedures such as LEEP and cold knife conization are commonly used for the treatment of high-grade squamous intraepithelial lesions because they combine the advantages of comprehensive histologic investigation of the extirpated tissue and entire transformation zone with precise assessment of resection margins. 1 Most patients undergoing LEEP for high-grade squamous intraepithelial lesions are of reproductive age and desire fertility preservation. The clinical importance of assessing the uterine cervix after cervical conization in patients desiring pregnancy is obvious. It is well known that the time of regeneration completion is 6 months after conization. 2 The cervix undergoes not only morphologic changes such as volume and length but also biochemical changes such as stiffness. However, it has been difficult to evaluate the regeneration process after cervical conization, especially stiffness changes.
As a noninvasive method, elastography has been used to detect or classify masses by identifying tissue stiffness. It has reportedly been useful for the diagnosis and characterization of prostate cancer, breast cancer, liver disease, and thyroid nodules, which are usually stiffer than normal tissues. 3 We reported several applications of elastography in gynecology in recent years, such as discrimination of high-and low-grade serous ovarian cancer, diagnosis of large-scar endometriosis, assessment of neoadjuvant chemotherapy in patients with high-grade serous ovarian carcinoma, and evaluation of the levator ani in women with pelvic organ prolapse. [4] [5] [6] [7] However, to our knowledge, an evaluation of the regeneration process after cervical conization by transvaginal elastography in a clinical study has not been reported previously. In this study, we investigated the elastic properties of the cervix after cervical conization by elastography and its potential ability to predict future pregnancy.
Materials and Methods
This work was a retrospective study. The study design and protocol were approved by the Institutional Review Board of the Obstetrics and Gynecology Hospital of Fudan University. All patients gave written informed consent after the nature of the procedure was explained fully. Between January 2014 and December 2015, patients of reproductive age who underwent LEEP for cervical high-grade squamous intraepithelial lesions on the basis of colposcopic findings and who desired fertility were retrospectively analyzed. Exclusion criteria included a history of surgery of the cervix and pregnancy at the time of presentation.
All procedures were performed by a single radiologist (M.X.) with 10 years of experience in transvaginal ultrasonography (US) who had specialized in elastography for the previous 3 years. All patients underwent imaging with an ARIETTA 60 system (Hitachi Medical, Tokyo, Japan) using a transvaginal 7-MHz transducer.
The patients were asked to empty their bladder and lie in a lithotomy position. Before elastography, conventional B-mode US was performed. The transvaginal transducer was placed in the posterior fornix. The position, length, and echo of the cervix were recorded. We measured 3 vessels and then calculated the mean pulsatility and resistive indices in the cervix.
Then the system was switched to the elastographic mode. The transducer was focused on the target lesion with light compression. After 10 seconds, the region of acquisition in the elastogram was set to contain sufficient surrounding mass tissues when the image was stable. Superimposed over the sonogram, the tissue elasticity information was shown in color: blue indicating hard tissue, green indicating medium tissue stiffness, and red indicating soft tissue. Transvaginal US and elastography were repeated 6 months after LEEP.
An independent observer (W.W.) was invited to access the elasticity scores. Due to the lack of generally accepted criteria for scoring elastograms of tubal pregnancy in the published literature and research and for easy image analysis, the elasticity images were evaluated by a 4-point scoring system that was used in a study of neck masses (Table 1) . 8 Each case had a 12-months follow-up after the second elastographic examination. The information on pregnancy and a cervical cytologic examination was Moderately stiff Predominantly red with yellow or green areas comprising between 10% and 50%. The node is partially delineated from surrounding tissues. 4 Stiff Predominantly red with < 10% appearing yellow or green. The node is distinguishable from surrounding tissues.
The color that indicated stiffness was different in our study (red for soft and blue for hard).
recorded. Cases that were lost to follow-up were excluded. The SPSS version 11.0 software package for Windows (IBM Corporation, Armonk, NY) was used for the statistical analysis. Data were expressed as mean 6 standard deviation. The Mann-Whitney U test was performed to determine whether the elasticity scores were different before and 6 months after LEEP. P < .05 was considered statistically significant.
Results
A total of 85 patients with high-grade squamous intraepithelial lesions who desired fertility were analyzed. Two had a history of cervical surgery, and 1 was pregnant when a high-grade squamous intraepithelial lesion was diagnosed. They were excluded. Eighty-two patients had undergone transvaginal US and elastography and had been treated with LEEP. The pathologic results after LEEP showed 12 invasive cancers and 15 cases with lesion margin involvement. Those cases were excluded. Two cases were lost follow-up. Finally, 53 patients who completed the 12-month follow-up were included in the analysis.
Thirty-two cases (group 1) were pregnant during the follow-up, and the other 21 cases (group 2) had pregnancy failure. The baseline characteristics of groups 1 and 2 are summarized in Table 2 .
Before LEEP, initial cervical lengths of groups 1 and 2 measured by transvaginal US were 27.8 6 4.7 and 28.9 6 5.5 mm, respectively. The pulsatility indices of groups 1 and 2 were 1.216 0.36 and 1.18 6 0.56 (P 5 .82). The resistive indices of groups 1 and 2 were 0.41 6 0.21 and 0.47 6 0.27 (P 5 .76), respectively. Six months after LEEP, the cervical lengths of groups 1 and 2 as measured by transvaginal US were 26.6 6 3.3 and 26.9 6 4.1 mm (P 5 .85). The pulsatility indices of groups 1 and 2 were 1.33 6 0.42 and 1.21 6 0.38 (P 5 .63). The resistive indices of groups 1 and 2 were 0.88 6 0.36 and 0.42 6 0.22 (P 5 .007). The resistive index of group 1 was significantly higher 6 months after LEEP than before LEEP.
In group 1, the mean elasticity score for the cervix was statistically significantly lower after LEEP (2.21 6 0.53) than before (3.46 6 0.78; P 5 .001). In group 2, the mean elasticity scores were similar after LEEP (3.19 6 0.58) and before (3.25 6 0.66; P 5 .75; Figures  1 and 2) .
The median elasticity scores 6 months after LEEP were 2 for group 1 and 3 for group 2. The distributions of elasticity scores for groups 1 and 2 are listed in Table 3 . Colposcopic and cytopathologic examinations revealed no relapses 6 months after LEEP.
Discussion
In this study, we found that the mean elasticity score for the cervix was statistically significantly lower after LEEP than before LEEP in group 1. This finding suggests that elastography can provide a potential ability to predict future pregnancy.
It has been reported that a shortened cervical length is associated with cervical LEEP procedures. As a result, a shortened cervical length is associated with an increased risk of preterm birth. [9] [10] [11] In addition, the risk of overall preterm delivery, preterm delivery after premature rupture of membranes, and low-birth weight neonates in subsequent pregnancies after 20 weeks' gestation were increased. Consequently, women who consider future pregnancies will be anxious about LEEP. 12 Those findings are interesting because evidence from several recent reports indicates that shortening of the cervix does not persist. The cervix undergoes biochemical changes in advance of morphologic changes during pregnancy. Thus, there is clearly a clinical need for cervical elastography in the evaluation of biochemical factors in combination with cervical length, which only assesses morphologic changes. Several reports in the literature indicated a tendency for cervical regeneration to exist. Song et al 2 reported that the time of regeneration completion was 6 months after conization, and the cervical dimensions after completion of the Data are presented as mean 6 SD where applicable.
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regeneration process were greater than 90% of the initial measurements. Moreover, in a prospective observational study of 100 nulliparous women, Paraskevaidis et al 13 found a tendency for cervical regeneration after diathermy excision. Six and 12 months after surgery, the length of the cervix recovered. Another investigation observed similar changes in cervical length 3 months after surgery. 14 Although traditional transvaginal US allows measurement of cervical morphologic changes after LEEP, it cannot not evaluate the elasticity of the cervix. 15 However, the elasticity seems more related to the function of fertility.
Elastography is a new US technique that assesses soft tissue stiffness. Diagnostic advantages of detecting focal lesions in various tissues such as the breast, liver, and thyroid gland by comparison of the stiffness of the abnormal area to the adjacent normal tissue have been reported in numerous studies. 16 Elastography of the uterine cervix has been used to evaluate not only normal findings but also abnormal findings such as cervical cancer and suspicious cytologic results, 17 although cervical intraepithelial neoplasia cannot be identified with this modality.
Otherwise, cervical elastography has been widely used to evaluate preterm birth 18 and before the Figure 1 . A, Conventional US and elastography of a patient in group 1, which appeared predominantly blue and green, with an elasticity score of 3. B, Same patient 6 months after LEEP. Conventional US and elastography appeared predominantly green and red, with an elasticity score of 2.
induction of labor. 19 Most studies found that the internal cervical os and cervical canal were significantly softer in women with successful pregnancy outcomes. However, the prospect of whether combined measurement of cervical length and elastography was more effective in predicting preterm birth than the use of either method alone was controversial. 3 In this study, the mean elasticity score for the cervix was statistically significantly lower after LEEP than before LEEP in the pregnant cases. However, in the nonpregnant cases, the mean elasticity scores were similar before and after LEEP. It was confirmed that softer cervical tissues had a benefit for successful pregnancy. We also found that the resistive index of group 1 was significantly higher 6 months after LEEP than before LEEP. This finding meant that the vascularization and hemodynamics in cervical regeneration after LEEP were related to the elastic changes. However, further mechanisms and the relationships between them need more investigation. In addition, the cervical lengths of groups 1 and 2 as measured by traditional transvaginal US were similar before and 6 months after LEEP; thus, perhaps traditional US cannot reveal the functional variation of the cervix. Figure 2 . A, Conventional US and elastography of a patient in group 2, which appeared predominantly blue and green, with an elasticity score of 3. B, Same patient 6 months after LEEP. Conventional US and elastography appeared predominantly blue and green, with an elasticity score of 3.
There were some limitations in this study. First, it had a limited number of patients. Moreover, the LEEP procedures were not performed by the same operator. Last but not least, we lacked other information about the patients' pregnancies, such as ovulation, the function of the fallopian tubes, and the semen of their husbands.
In conclusion, elastography was a useful technique for evaluating the stiffness of the cervix after LEEP. We think that elastography could provide a potential means to predict future pregnancy after LEEP.
